Abstract. The primary purposes of this study were 1) to confirm age-related deterioration of physical performance in older adults longitudinally, and 2) to predict future functional status and mortality by initial level of physical performances. The subjects were 517 older adults examined both in 1992 and 1996 in the Tokyo Metropolitan Institute of Gerontology, Longitudinal Interdisciplinary Study on Aging. The same battery consisting of muscle strength, balance, walking, and manual speed was administered to the subjects in the baseline and follow-up examinations. A significant longitudinal decline was observed in all physical performances except for grip strength. The age-related decline accelerated with aging for preferred walking velocity. Inter-subject variability in walking velocity significantly increased for 4 years period. Maximum walking velocity was a common predictor for functional status and mortality. The results suggest that physical performance measures, especially maximum walking velocity, is a valid means for physical therapy to evaluate physical functioning of community-living older persons. Key words: longitudinal study, aging physical performance, individual differences (J Jpn Phy Ther Assoc 1: 1-5, 1998) Physical therapy has spread from specialized institutions to the community as a result of increases in the elderly population, and now offers treatment of both institutionalized patients and frail elderly in outside communities. Assessment of the age-related deterioration of physical performance is therefore prerequisite to physical therapy for community-living older persons. In our previous studies, the age-related decline of physical performance was confirmed cross-sectionally through a population-based study of aging 1)2)
Physical therapy has spread from specialized institutions to the community as a result of increases in the elderly population, and now offers treatment of both institutionalized patients and frail elderly in outside communities. Assessment of the age-related deterioration of physical performance is therefore prerequisite to physical therapy for community-living older persons.
In our previous studies, the age-related decline of physical performance was confirmed cross-sectionally through a population-based study of aging 1)2) . It was also reported that the level of physical performance in older adults was associated with functional status, habitual sport activity, and health status, including chronic conditions 2)3) . Nevertheless, longitudinal follow-up of physical performance is necessary for evaluating age-related changes, since cross-sectional data may involve a "cohort effect". Longitudinal studies have been conducted, and thereby demonstrated that the baseline level of physical performance can predict future functional status (disability) 4) , experience of fall 5) , institutionalization and mortality 6) . Since 1991, assessment of physical performances of the elderly have been conducted using the same battery test in the Tokyo Metropolitan Institute of Gerontology, Longitudinal Interdisciplinary Study on Aging 7) . Analyzing data obtained in the TMIG-LISA, the present study examined longitudinal deterioration in the physical performances of older adults over a 4-year period, and revealed that the baseline level of physical performance is an important predictor of both the ability to maintain physical functioning and mortality over the same 4-year period.
Subjects
The participants in the baseline examination of one
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Taketo FURUNA 1 , Hiroshi NAGASAKI 1 , Satoshi NISHIZAWA 1 , Miho SUGIURA cohort of TMIG-LISA were 734 males and females, aged 65 and over, living in the Nangai Village, a rural area of Akita Prefecture in Japan. The respondent rate was 76% of the entire population of the residents aged 65 and over. All subjects were able to walk at least using a cane. In the 4-year follow-up examination in 1996, 217 original participants were not reexamined: 165 because they were hospitalized, had moved to another district, or similar reason: the remaining 52 original subjects had passed away. The subjects of this study were 517 older adults who received at least one test of physical performance measures in 1992 and 1996. Based on the 1992 data, the subjects were divided into four groups according to age and gender (Table 1 ).
Methods
The same battery of motor-performance measures was administered to the subjects in the baseline and follow-up examinations. The battery consisted of muscle strength (grip strength), balance (one-leg standing time with/without vision), walking at preferred and maximum speeds, and manual speed (maximum finger-tapping rate). These measures were described in detail in our previous studies 1) 8)9) . A summary performance score ranging 6 to 24 was also calculated in terms of each quartile of the physical performance from the baseline data, in accordance with the previous study 3) . Along with the physical performance test, functional capacity in terms of competence was assessed using the TMIG Index of Competence 10) . This index consists of three sub-scales: Instrumental Self-Maintenance, Intellectual ability, and Social Role. The total score for Instrumental Self-Maintenance in the index was used in the present study as a measure of the instrumental ADL (IADL) of the subjects.
Analysis
To detect longitudinal changes in physical performance, a repeated-measure ANOVA with the age-group and double replication of measurement serving as factors was applied to each physical performance. A logistic multiple regression analysis was performed in order to predict ability to maintain the level of IADL or mortality for next 4 years by the baseline level of physical performance. IADL was coded as "1" when the total score for Instrumental Self-Maintenance in the TMIG Index of Competence decreased in the 4 year followup examination, and "0" if the score maintained or increased. Mortality was coded as "1" for death over 4 years and "0" for survival. Deterioration of IADL or mortality was assumed to be a dependent variable. Age, gender (0: male,1: female), and physical performance measure from the baseline data were all assumed to be independent variables. Level of significance for all statistics was set at p < 0.05. Table 1 shows the baseline and follow-up data of each physical performance measure for 517 subjects. Figure 1 presents, as an example, the longitudinal change in preferred walking velocity for each age-group and gender. A significant longitudinal decline was observed in all measures except for grip strength: one-leg standing time with vision (F=97.2, p< .0001) and without vision (F=4.8, p< .05), preferred walking velocity (F=56.6, p< .0001), maximum walking velocity (F=212.7, p< .0001), and maximum tapping rate (F=30.8, p< .0001). Relative decrement rates was the highest in one-leg standing time with vision (14.7% in males to 29.7% in female) , and the lowest in finger-tapping rate (3.7% in males and 2.3% in females). The cross-sectional decline was also evident in all physical performances (F>9.1, p< .0001). The result thus confirmed age-related longitudinal declines of physical performance as well as cross-sectional aging effects. Significant interaction between age-group and longitudinal change was revealed in preferred walking velocity (F=3.3, p<.05). This interaction indicated that the gap between follow-up and baseline data of preferred walking velocity was smaller in the youngest age-group than in the other groups (see Fig. 1 ).
Results

Longitudinal changes in physical performance
Change in inter-subject variability
Inter-subject variability in terms of coefficient of variation (CV: SD/mean) in preferred walking velocity (df=7, t= -2.69, p< .05) and maximum walking velocity (df=7, t= -6.49, p< .001) significantly increased during 4-year period, as illustrated in Fig. 2 for maximum walking velocity. No significant increase in CV was observed in other physical performance measures. The results suggest that the individual differences in walking accelerated with aging. 
Prediction of functional status and mortality
The results of logistic regression analysis are shown in Table 2 (a,b). Age, grip strength, and maximum walking velocity were significant determinants for whether older adults could maintain their level of IADL over four years period. The Table 2a shows that if maximum walking velocity slows by 1 m/s, the odds of losing IADL level increased 2.63 (1/0.38) times. For 4-year mortality, gender, one-leg standing time with vision, and maximum walking velocity were significant determinants, but not age per se. The Table 2b shows that if maximum walking velocity slows 1 m/s, the odds of death during 4 years increased 4.55 (1/ 0.22) times. Figure 3 shows the relationship between summary performance score and the rate of older persons whose level of IADL lowered for 4 years. Figure 3 indicates that older adults with deteriorated physical performance are difficult to maintain the IADL level. The findings suggest that future functional status and mortality can be predicted using physical performance measures, especially by maximum walking velocity.
Discussion
Physical performances, except for grip strength clearly showed an age-related decline in the 4-year follow-up study of the TMIG-LISA. The present study also revealed that the age-related decrease accelerated with advancing age for walking velocity. Note that these facts can not be confirmed by the cross-sectional aging study (see Fig.1 ), due to a possible cohort effect in the population examined. Kallman et al. 11) reported that grip strength in older adults did not decrease consistently during a 9-year follow-up study. The 4-years follow-up study period may be too short to detect a longitudinal aging effect in grip strength.
Inter-subject variability in physical performances was generally supposed to increase with aging 12) . The crosssectional data in a previous study 1) showed that the individual difference in all performances examined was larger in participants aged 80 years and over than those between the ages 65-69. However, the inter-subject variability obtained by a cross-sectional study of aging may be uncertain, because the variability is usually compared between age-groups with limited and unequal of participants. The present study found that inter-subject variability in walking velocity (see Fig. 2 ) consistently increased with advancing age over the 4-year period, thereby providing evidence to the hypothesis that "individual differences" in performance generally tends to increase with aging. Recent studies in rehabilitation and gerontology reported that a direct assessment of physical performance is very significant in predicting institutionalization, mortality, and experience of falls in the elderly [6] [7] [8] . The physical performance measures was able to predict whether older adults maintained their levels of IADL during the 4-year period (Fig. 3) . The summary performance score increased, while the level of IADL was maintained, indicating that physical performance measure is valid means for predicting functional status. The present study also confirmed that physical performance measures (Table 2 ), but not age per se, could predict 4-year mortality in older persons. Note that maximum walking velocity was a common predictor of both mortality and IADL. A previous study showed that maximum walking velocity correlated closely with other physical performances for older adults and is thus a representative variable of aging in physical functioning 2) . These results suggest that, in physical therapy, maximum walking velocity is a valid measure not only for evaluating physical performance, but also for predicting functional status and mortality for community-dwelling older adults, to whom physical therapy will increasingly extend its services.
Conclusion
This study reported that : 1) Longitudinal age-related deterioration of physical performances in older adults was confirmed in the population-based study of aging. 2) Individual differences in walking were accelerated with advancing age. 3) Physical performance measures were important for predicting future functional status and mortality of community-living older adults.
